Rationale: Posteromedial dislocations of the elbow with lateral humeral condylar fractures (LCFs) are uncommon, and only isolated cases have been reported in the English-language literature. Because of the complex radiolucent cartilaginous structures and lateappearing ossification centers, radiological diagnosis of elbow dislocations with LCF in children is challenging.
Introduction
Lateral humeral condylar fractures (LCFs) are the second most common injury after supracondylar fractures and represent approximately 12% of all elbow fractures in children. [1] In contrast, elbow dislocations with LCFs are much less common in children, and there are only isolated case reports in the Englishlanguage literature. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Typical radiographs of elbow dislocations with LCF show that the elbow joint is dislocated posteromedially while the displaced lateral condyle is aligned with the radial head. [2] [3] [4] 6, 7, 10, 12] From April 2000 to March 2015, we found only 3 cases (3.4%) of posteromedial elbow dislocation with LCF among 88 patients with LCF treated in our institution and 2 related hospitals. In this report, we review these posteromedial elbow dislocations with LCF and compare our results with the published literature to identify treatment strategies based on the fracture type using Milch classification. [13] 2. Case presentation
Ethics
Informed consent was obtained from each patient's parents for operation and for publication of the details their respective cases.
Case 1
A 1-year-old boy was involved in a traffic accident and fell on his right arm (Fig. 1A, B) . Under general anesthesia, closed reduction for the elbow dislocation was performed, but the joint revealed remarkable instability to varus stress. Preoperative arthrography showed Milch type I LCF. Open reduction and internal fixation was then performed through a posterolateral approach. [14] Briefly, an incision was made posterolaterally starting at the distal third of the humerus and extending to the olecranon, deviating radially. After dissecting through the subcutaneous tissue, the fascial layer on the triceps was separated at its lateral border. The intermuscular plane between the triceps and brachioradialis was then separated to access to the distal humerus, retracting the lateral border of the triceps medially. Inspection of the posterior aspect of the lateral condyle revealed the fracture line on the capitellum, suggesting Milch type I LCF. The fracture fragment was reduced and fixed with two 1.5-mm smooth Kirschner wires (K-wires). Postoperative radiographs showed inadequate reduction of the LCF and increased Baumann angle of 86°compared with the contralateral side at 67°( Fig. 2A, B) . After immobilization in a long arm cast for 6 weeks, active and active-assisted range of motion (ROM) exercise was encouraged, and the Kwires were removed after 3 months, under general anesthesia. At the final follow-up 16 months postoperatively, elbow ROM was 0°in extension and 140°in flexion, which was the same as the contralateral side. However, Baumann angle was increased and Medicine the carrying angle was decreased compared with the contralateral side. The anteroposterior radiographic view showed cubitus varus deformity and À7°for the carrying angle (Fig. 3A, B) . Based on Flynn et al's criteria (Table 1) , [15] functional outcome was excellent, but cosmetic outcome was poor, suggesting that the clinical result was also poor ( Table 2 ).
Case 2
A 7-year-old boy fell onto his left outstretched hand while running (Fig. 4A, B) . He was initially diagnosed as having an epiphyseal separation of the distal humerus and underwent closed reduction and percutaneous pinning. However, the fracture fragments were not adequately reduced, and 2 days after injury, open reduction and internal fixation were performed through a posterior approach. Direct inspection of the distal humerus revealed a fracture line on the trochlear groove, a Milch type II LCF. After anatomical reduction, internal fixation for the LCF was performed using two 1.5-mm K-wires and tension-band wiring. Postoperative radiographs showed anatomical reduction and almost identical Baumann angles on the affected and contralateral sides (Fig. 5A, B) . Active ROM exercise was encouraged following immobilization in a long arm cast for 4 weeks, and K-wires were removed after 3 months, under general anesthesia. At the final follow-up 12 months postoperatively, elbow ROM was 0°in extension and 145°in flexion, which was the same as the contralateral side. Plain radiographs showed adequate healing without elbow deformity (Fig. 6A, B) . Based on Flynn et al's criteria, the clinical result was excellent ( Table 2 ).
Case 3
A 9-year-old girl fell from an overhead horizontal ladder onto her left outstretched hand injuring her elbow (Fig. 7A, B) . Computed tomography showed a vertical fracture line into the distal lateral humeral condyle, a Milch type I fracture ( Fig. 8A-C) . Under general anesthesia, open reduction and internal fixation through Table 2 Demographic data for pediatric patients with posteromedial dislocations and lateral humeral condylar fractures.
Case
Age, y/sex Side
Mechanism of injury
Follow-up period, mo Milch [13] classification (Type) Jakob et al [27] classification ( Tomori et al. Medicine (2018) 97:36 www.md-journal.com a posterolateral approach was performed. After anatomical reduction, internal fixation for the LCF was performed using two 1.5-mm K-wires and tension-band wiring. Postoperative radiographs showed increased Baumann angle of 81°compared with the contralateral side at 68° (Fig. 9A, B) . Active ROM exercise was encouraged after immobilization in a long arm cast for 4 weeks, and K-wires were removed after 6 months, under general anesthesia. At the final follow-up 16 months postoperatively, elbow ROM was 0°in extension and 145°in flexion, which was the same as the contralateral side. However, Baumann angle was increased and the carrying angle was decreased compared with the contralateral side. The anteroposterior radiographic view showed cubitus varus deformity and À12°for the carrying angle (Fig. 10A, B) . Thus, functional outcome was excellent, but cosmetic outcome was poor, suggesting that the clinical result was also poor (Table 1 ). 
Discussion
Dislocations of the elbow joint, which usually involve medial epicondylar fractures, are a common injury in children, and dislocations are usually in the posterior or posterolateral direction. [12, 16] In contrast, elbow dislocations involving LCF are uncommon in children and only isolated cases have been reported (Table 3) [2-12] including 2 cases in 47 patients with LCF (4.3%) [17] in 1 report and 1 case in 23 patients <15 years of age with elbow dislocation (4.3%) in another report. [16] These findings are consistent with our report of 3 cases in 88 patients with LCF (3.4%). Because of the complex radiolucent cartilaginous structures and late-appearing ossification centers, radiologic diagnosis of elbow dislocations with LCF in children is challenging. Also, the typical radiographic appearance of this com injury showing that dislocated LCFs are well-aligned with the radial head, is similar to epiphyseal separation of the humerus. [2] [3] [4] [5] [6] [18] [19] [20] Therefore, epiphyseal separations are occasionally mistaken for elbow dislocations involving LCFs. In our report, radiographs showed only a small bone fragment, and arthrography or computed tomography were helpful diagnostic aids in cases 1 and 3. In contrast, the patient in case 2 was initially misdiagnosed as having an epiphyseal separation of the distal humerus, and open reduction and internal fixation through the posterior approach revealed the LCF. Thus, radiographs are not always useful for recognizing the fracture type because of the radiolucent cartilaginous structures, and other modalities, such as computed tomography, magnetic resonance imaging, ultrasound, or arthrography, are recommended to aid in diagnosis. [21] [22] [23] [24] [25] [26] Generally, elbow dislocations are easily reduced using closed methods, with the indications for surgical treatment determined according to the displacement of the fracture fragment. Two classification systems are currently used to describe LCFs and to guide treatment: Jakob classification [27] and Milch classification. [13] Jakob et al classified LCFs into 3 stages based on the degree of displacement and rotation of the fracture fragment [27] as follows: stage I, fractures have <2 mm displacement, and the articular surface remains intact; stage II, fractures have >2 mm displacement with moderate displacement of the articular surface; and stage III, fractures have significant displacement and rotation. In contrast, Milch classification considers the anatomical position of the fracture line [13] as follows: type I, the fracture line courses lateral to the trochlea and passes through the capitulotrochlear sulcus; and type II, the fracture line extends into the apex of the trochlea. Based on previous reports of elbow dislocations involving LCFs, almost all cases were classified as Jakob stage III fractures. In contrast, Milch classification of the fracture types varied in previous reports (Table 2) .
Because displaced pediatric LCFs are intra-articular fractures and epiphyseal fracture types 2 and 4 using the Salter-Harris classification, open reduction and internal fixation are generally recommended, [12, 28, 29] and the surgical approach should be chosen based on visualizing the fracture lines. [30, 31] LCF lines are classified according to Milch classification.
Previous studies state that Milch type I LCFs are considered stable, because the lateral trochlear rim is preserved, and the intact capitellotrochlear groove acts as a lateral buttress for the ulnar coronoid-olecranon ridge. Generally, elbow dislocation with LCFs occur in Milch type II fractures. [5] However, several cases of elbow dislocations with Milch type I LCFs have been reported, [4, 5, 10, 12] and 2/3 patients in our report suffered Milch type I LCFs.
Regarding clinical outcomes, several authors have reported poor results for elbow dislocations involving LCFs (Table 2) . Some patients had complications, including restricted ROM, [4, 7, 10] non-or malunion of the LCF, [7] and cubitus varus deformity. [32] Satisfactory outcomes following open reduction and internal fixation for LCFs have been reported following Tomori et al. Medicine (2018) 97:36 www.md-journal.com Table 4 Comparison of published reports of pediatric patients with elbow dislocations and lateral humeral condylar fractures. [7] anatomical reduction of the articular surface and when adequate bone union of the LCFs was obtained. [29, 33] Poor outcomes result from inappropriate open reduction and internal fixation, which results in malunion of the articular surface or nonunion of the LCF. In our report, in cases 1 and 3, postoperative radiographs showed increased Baumann angle and decreased carrying angle compared with the contralateral side. In these cases, anatomical reduction of the articular surface of the capitellum was not obtained, based on postoperative radiographs (Table 4) .
Although open reduction and internal fixation through a posterolateral approach [14, 34] or lateral approach (Kocher approach) [3, 4, [7] [8] [9] [10] 12] is the standard treatment for displaced LCFs, [13] these approaches are not appropriate for visualizing the fracture line on the capitellum (Milch type I LCFs). [30, 31] Because the articular surface of the capitellum is present only on the anterior side, only an anterolateral approach permits restoration of joint congruity. Thus, open reduction and internal fixation through an anterolateral approach is appropriate for Milch type I LCFs, but not posterolateral, lateral, and posterior approaches. [30] In contrast, because the articular surface of the trochlea is present both anteriorly and posteriorly, joint congruency can be restored in Milch type II LCFs through all approaches, including antero-or posterolateral, and lateral and posterior approaches. Failed anatomical reduction of the articular surface results in poor outcomes secondary to malunion and joint incongruity. In our report, open reduction and internal fixation through the posterior approach permitted anatomical reduction of a Milch type II LCF in case 2. However, open reduction and internal fixation through the posterolateral approach did not provide anatomical reduction for Milch type I LCFs in cases 1 and 3. Failed anatomical reduction of the articular surface of the capitellum might have led to cubitus varus in these cases. Therefore, when considering the ideal surgical approach for LCFs, preoperative imaging, including computed tomography or magnetic resonance imaging, is required. Also, the anterolateral approach is an optimal approach for Milch type I LCFs, although all approaches, including antero-or posterolateral, and lateral and posterior approaches, are appropriate for Milch type II LCFs.
The major limitation of the present study is that we only report the outcomes of 3 patients, but this reflects the rarity of this injury. Our case reports offer valuable insight into the treatment of posteromedial elbow dislocation with Milch types I and II LCFs.
Conclusion
We report 3 children with posteromedial elbow dislocation with 2 Milch type I and 1 Milch type II LCFs. Because LCFs are intraarticular fractures, anatomical reduction of the LCF is crucial for satisfactory outcomes. In our report, poor reduction of Milch type I LCFs resulted in incongruity of the articular surface and led to poor cosmetic results in 2 cases. Preoperative evaluation is helpful for achieving satisfactory outcomes, and open reduction and internal fixation through an anterolateral approach might be most appropriate for Milch type I LCFs.
